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Background: Adipose tissue has been widely used in regenerative surgery for its therapeutic 
potential. The therapeutic potential of adipose tissue is often ascribed to the stromal vascular 
fraction (SVF), which can be mechanically isolated. Mechanical isolation results in SVF 
containing intact cell-cell communication including extracellular matrix and is therefore 
named tissue-SVF (tSVF).  
Objectives: The fractionation of adipose tissue (FAT) procedure, a procedure to mechanically 
isolate tSVF, is evaluated using a new disposable one-hole fractionator and compared to the 
former reusable three-hole fractionator.  
Methods: The composition of tSVF obtained by the one-hole fractionator was histologically 
and histochemically compared to unprocessed adipose tissue. The number of viable nuclear 
cells in tSVF obtained by the onehole and three-hole fractionator as well as unprocessed 
adipose tissue were compared after enzymatic isolation and tested for colony forming unit 
capacity. Flow cytometry was used to compare different cell compositions based on surface 
marker expression between tSVF isolated by both types of fractionators.  
Results: Fractionation of adipose tissue with the one-hole fractionator condenses vasculature 
and extracellular matrix by disrupting adipocytes. The number of viable nuclear cells in tSVF 
obtained by both fractionators was comparable and significantly higher than unprocessed 
lipoaspirate. Furthermore, tSVF isolated by both types of fractionators showed similar cell 
compositions and comparable colony forming unit capacities.  
Conclusions: The FAT procedure with a disposable one-hole fractionator effectively isolates 
tSVF with a comparable cell count and cell composition in comparison with the three-hole 






















Adipose tissue has been widely used in regenerative- and reconstructive surgery for its 
therapeutic potential in the treatment of osteoarthritis, as anti-scarring treatment, to improve 
wound healing and to compensate for volume loss.
1-4
 The therapeutic potential of adipose 
tissue is often ascribed to the presence of adipose tissue-derived stromal cells (ASCs) in 
stromal vascular fraction (SVF).
5
 SVF of adipose tissue consist of all non-parenchyma, ie, 
non-adipocyte cell types such as ASCs, fibroblasts, vascular cells, immune cells as well as 
extracellular matrix (ECM).
6-10 
Upon culturing, ASCs develop from their in vivo precursors, 
ie, pericytes or supra-adventitial cells.
11,12
 Cultured ASCs secrete a plethora of growth factors 
and exosomes that are pro-regenerative and stimulate angiogenesis, promote proliferation of 
parenchymal cells, suppress apoptosis and modulate immune responses in vivo.
1,13,14
 In 
addition, ASCs secrete ECM components as well as ECM degrading enzymes, which are 
relevant for tissue remodeling. ASCs are readily isolated from lipoaspirates in high numbers 
by both enzymatic and mechanical procedures.
15
 However, enzymatic isolation is rather 
costly and time-consuming, because of reagents used such as collagenase that are of non-
human origin.
14 
Enzymatic isolation procedures result in a single cell suspension of SVF 
(cSVF) that lacks cell-cell and cell-matrix connections, whereas mechanical isolation 
procedures result in a tissue-like SVF (tSVF) containing ECM as well as all cell-cell and cell-
matrix connections.
15,16 
In tSVF, ECM functions as a scaffold for SVF cells and prevents cells 
from diffusion after injection and therefore might enhances tissue regeneration. Additionally, 
ECM functions as a slow release reservoir of growth factors.
8,9,17 
The interaction between 
cells and growth factors in tSVF is postulated to increase the regenerative potential as 
compared to the use of cSVF. 
One of the recently published mechanical isolation procedures is the ‘Fractionation of 
Adipose Tissue’ (FAT) procedure, which is a fast and low cost intraoperative procedure to 
obtain tSVF from adipose tissue.
18
 It appeared that the original FAT device and procedure 
would benefit from improvements for several reasons. Firstly, the original fractionator 
contains an internal disk with three off-centered holes of 1.4 mm. In our experience, the 
absence of a central hole in the original fractionator leads to congestion in the device, which 
makes the FAT procedure less practical. Secondly, the original fractionator is a non-
disposable device. In view of patient safety, however, sterile disposable devices are preferred 
over non-disposable devices. For all the aforementioned reasons, a new disposable one-hole 
fractionator was developed. The purpose of this study is to compare the one-hole fractionator 























Liposuction and FAT Procedures  
Liposuction as well as the FAT procedure were executed as described in the study of van 
Dongen et al between September 2017-September 2018.18-20 All included patients gave 
informed consent according to the Declaration of Helsinki. In short, adipose tissue 
harvesting was performed with a Sorenson lipoharvesting cannula (Tulip, Medical 
Products, San Diego, CA) during normal liposuction procedures in three patients. 
Lipoaspirate was centrifuged after decantation and mechanically dissociated either by 
the three-hole fractionator or the one-hole fractionator (Tulip, Medical Products, San 
Diego, CA) (Supplemental Figure 1, available online as Supplementary Material at 
www.aestheticsurgeryjournal.com). After mechanical dissociation, samples from both 
types of fractionators were centrifuged again yielding a comparable amount of oil (8.4 
ml ± 0.4), tSVF (1.1 ml ± 0.4) and infiltration fluid fraction containing a pellet (0.5 ml) 
(Supplemental Figure 1). One sample of centrifuged lipoaspirate of each patient (n=3) 
was used as a control.  
 
Immunohistochemistry and Masson’s Trichrome  
Samples of tSVF obtained by the one-hole fractionator and control lipoaspirate (n=3) were 
fixed in 10% formalin in phosphate buffered saline (PBS), embedded in paraffin and 4 µm 
sections were cut. Immunohis ochemistry, ie, α-Smooth Muscle Actin (SMA) and Perilipin, 
as well as Masson’s Trichrome staining were performed according to the protocol of van 
Dongen et al.
16
 Primary antibodies used in this study were α-SMA (1:200, Abcam, 
Cambridge, UK) and Perilipin (1:200, Abcam, Cambridge, UK). Secondary antibodies used 
were polyclonal Rabbit anti-Mouse for α-SMA (1:100, DAKO, Glostrup, Denmark) as well as 
polyclonal Goat anti-Rabbit for Perilipin (1:100, DAKO, Glostrup, Denmark). A tertiary 
antibody was only used for α-SMA (polyclonal Swine anti-Rabbit for 1:100, DAKO, 
Glostrup, Denmark). All samples were visualized and evaluated by light microscopy (Leica 
Microsystems, DM IL). 
 
Cell Isolation and Culture  
Samples of tSVF obtained by the one-hole fractionator and the three-hole fractionator as well 




















bovine serum albumin in PBS and cultured according to our previously published protocol.
16
 
Cells were counted upon staining with trypan-blue in a Bürker Türk counting chamber.  
 
Flow Cytometry 
Cells collected from enzymatically dissociated tSVF samples, ie, the one-hole fractionator 
and the three-hole fractionator (n=3) were analyzed for surface marker expression using flow 
cytometry. Cells were labelled with the following anti-human monoclonal antibodies: CD31, 
CD34, CD90, CD105, CD146 (Miltenyi Biotec Bergisch Gladbach, Germany) and CD45 
(Biolegend, San Diego, CA, USA) as well as 7-Amino Actinomycin D (Invitrogen, molecular 
probes, Eugene, OR, USA) to stain for dead cells. Cells were mixed well with the antibodies 
in FACS buffer (5 mM ethylenediaminetetraacetid acid (EDTA), 1% BSA in PBS) and 
incubated on ice and in dark for 30 min. Stainings with a single antibody and fluorescence 
minus one (FMO) were used as controls. A BD FACSCanto II system (BD Biosciences) was 
used to analyze the samples. 
 
Colony Formation Assay  
Ten thousand viable cells isolated from tSVF obtained by the one-hole fractionator and the 
three-hole fractionator (n=3) were seeded (six technical replicates) and cultured for twelve 
days to assess the colony forming capacity of uncultured cells from a single cell. Afterwards, 
cells were fixed in 4% formalin and stained with 5% Crystal Violet (Sigma-Aldrich, St. 
Louis, MO). Colony frequency was calculated as the mean number of colonies / total seeded 
cells x 100%. 
 
Statistical Analysis 
Immunohistochemistry staining were analyzed with the use of ImageJ, version 1.4.3.67 (NIH, 
USA).
17
 Descriptive statistics were used to evaluate α-Smooth Muscle Actin (SMA), cell 
numbers with the use of Graphpad Prism, version 5.01 (Graph Pad Software Inc., Los 
Angeles). Data were expressed as mean ± standard deviation (SD). A paired t-test was 

























More α-smooth muscle actin (α-SMA) expression was observed in tSVF (0.83% ± 0.33) as 
compared to control lipoaspirate (0.094% ± 0.036) for (p<0.05), indicating a higher number 
of small vessels in tSVF obtained by the one-hole fractionator (Figure 1). Control lipoaspirate 
was rich in adipocytes (visually analyzed based on perilipin A expression) while tSVF was 
essentially devoid of adipocytes. This difference indicates that adipocytes were destructed by 
the fractionator. More collagen was present in tSVF in comparison to control lipoaspirate, 
which indicates that the fractionation condensed ECM.  
 
Fractionation of Adipose Tissue Obtained With Either the Three-Hole Fractionator or 
the One-Hole Fractionator Condenses Cells  
Enzymatic isolation of tSVF obtained by the one-hole fractionator and the three-hole 
fractionator as well as control lipoaspirate resulted in adipocyte-free cell preparation with a 













 (Figure 2). No quantitative differences were found for ASCs (CD45-; 
CD90+; CD105+: reusable 41.4% ± 16.5%, disposable 44.9% ± 18.2%), endothelial cells 
(CD31+; CD34+: reusable 12.0% ± 4.5%, disposable 19.1% ± 2.3%), leukocytes (CD45+; 
CD34-: reusable 5.3% ± 3.6%, disposable 5.3% ± 3.6%), pericytes (CD34+/-; CD31-; 
CD146+: reusable 0.3% ± 0.3%, disposable 0.5% ± 0.5%) and hematopoietic stem cell-like 
cells (CD45+; CD34+: reusable 0.1% ± 0.2%, disposable 0.2% ± 0.3%) after the FAT 
procedure with either the three-hole fractionator or the one-hole fractionator (Figure 2). The 
number of supra-adventitial cells (CD34bright; CD31-, CD146-) was uncountable low in both 
types of tSVF. Thus, fractionation by means of the one-hole fractionator as well as the three-
hole fractionator reduced the volume of lipoaspirates while the stromal-vascular cells were 
condensed as compared to control lipoaspirate. No difference in cell count in tSVF was seen 
between both fractionation procedures. 
 
Fractionation of Adipose Tissue Does Not Affect Colony Formation  
Colony frequency of uncultured cells derived from tSVF by means of the one-hole 
fractionator and the three-hole fractionator was similar with respectively 1.29% ± 0.038 and 
1.29% ± 0.045 (p>0.05) (Figure 3). 
 
DISCUSSION 
The FAT procedure with the use of the one-hole disposable fractionator showed to be as 




















compared to the former FAT procedure. In our experience, this new system never blocked 
upon use. The obtained tSVF by means of the one-hole disposable fractionator was composed 
of condensed vasculature and ECM in comparison with unprocessed adipose tissue. After 
enzymatic digestion of the tSVF obtained by both types of fractionators, cells were able to 
attach to tissue culture plastic and form colonies, indicating the colony forming function has 
not been disturbed by both systems. However, only low number of donors were used for 
experiments which might causes a larger standard deviation of the results and is thus a 
limitation of this study. 
Characterization of the composition of cell types in the isolated tSVF can be done by 
surface marker analysis. In adipose tissue, cells can be divided into two major subpopulations: 
adipose derived cells (CD45-) and blood derived cells (CD45+).
21
 Adipose derived cell 
populations can be further divided into two main subpopulations: endothelial like cell types 
(CD31+) and stromal like cell types (CD31-).
21
 Three important cell types within the stromal 
like cell subpopulation (CD45-; CD31-) are the ASCs (CD34+; CD90+; CD105low) and 
ASCs precursor cells: pericytes (CD34+/-; CD146+) and supra-adventitial cells (CD34+; 
CD146-).
11,21-23
 However, controversy remains about the ASCs precursor cell types and CD 
surface marker combinations to identify different adipose tissue cell subpopulations.
11,12,23,24
 
ASCs and its precursor cells are important cell types because of the secretion of many 
regenerative growth factors and cytokines.
1,13,14
 In comparison to several other mechanical 
and enzymatic isolation procedures (eg, Automated isolation system, CHA Biotech Station, 
Lipokit Medikhan System, PNC’s Multistation, Fastem and Lipogems), both types of FAT 
procedures isolate more stromal cells.
25-28
 Enzymatic isolation procedures (eg, Cytori, Tissue 
Genesis Cell Isolation System, Sepax System) showed comparable stromal cell 
populations.
26,29,30
 However, differences in cell subpopulations of cSVF and tSVF could be 
caused by donor dependent variations and different use of CD surface markers and thus 
comparisons between studies are difficult.
18-21
 
The use of the one-hole fractionator seems to offer several advantages over the non-
disposable three-hole fractionator. Firstly, any re-usable device could bring a potential risk of 
contamination and biofilms to grow after sterilization, in particular in the difficult-to-clean 
small holes.
15,31
 Using a disposable fractionator largely eliminates the risk of contamination 
and thus complies with the most restricted regulations on sterility. Yet, the potential increased 
risk of contamination in reusable devices in comparison with disposable devices is solely 
hypothetical instead of based on sterility data, which is another limitation of this study. To 




















closed system could be designed to promote safe clinical use (which has been manufactured 
in the meantime (ACA-kit, Arthex GmbH, USA). Secondly, in the one-hole fractionator, the 
opening in the internal disk is situated in the center of the disk resulting in significant fewer 
blockages. In the original three-hole fractionator, the internal disk contains three holes 
without a hole in the center of the disk. The tip of the 10 mL syringe faces the center of the 
three-hole disk in the middle of the fractionator. In this way, blockage of the three-hole 
fractionator can occur when lipoaspirate contains substantial amounts of fibrous tissue (eg, in 
secondary donor sites or in male subjects with limited subcutaneous tissue to harvest from).  
Thus far, multiple in vitro studies have investigated the composition of the 
isolated tSVF by means of the FAT procedure or similar mechanical procedures like the 
Nanofat procedure.16,18,32 These studies have shown that tSVF contains increased 
numbers of ASCs as compared to unprocessed lipoaspirates.16,32 ASCs are important cell 
types with a high regenerative potential. As mentioned before, ASCs secrete a plethora 
of growth factors and cytokines which are able to stimulate important regenerative 
processes such as matrix remodeling and angiogenesis.1,17,33 Hence, the obtained tSVF is 
promising for clinical regenerative purposes, such as scar remodeling and wound 
healing. However, its clinical effectiveness has not been proven yet as no well-designed 
randomized double-blind placebo-controlled prospective clinical trials investigating the 
regenerative potential of tSVF have been performed. Well-defined prospective trials 
with the use of mechanical isolated tSVF are therefore warranted. To date, our research 
group finished the inclusion of two randomized double-blind placebo-controlled clinical 
trials using tSVF isolated by means of the FAT procedure to improve scarring after 
breast reductions and to improve skin quality for the aging face. A safe and easy-to-use 
disposable system, such as the disposable one-hole fractionator as described in this 
study, might also pave the way towards a comparative study. 
 
CONCLUSION 
The FAT procedure with the one-hole disposable fractionator effectively isolates tSVF with a 
comparable number of cells and cell composition in comparison with the original described 
FAT procedure using a three-hole reusable fractionator. However, a disposable one-hole 
fractionator offers technical and financial advantages over the reusable three-hole 
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Figure 1. (A) Light microscope images of α-SMA of tSVF obtained by an one-hole 
disposable fractionator. (B) Light microscope images of α-SMA of control lipoaspirate. (C) 
Light microscope images of masson’s trichrome of tSVF obtained by an one-hole disposable 
fractionator. (D) Light microscope images of masson’s trichrome of control lipoaspirate. (E) 
Light microscope images of perilipin staining of tSVF obtained by an one-hole disposable 
fractionator. (F) Light microscope images of perilipin staining of control lipoaspirate. (G) 
Statistic data of expression of α-SMA in tSVF obtained by an one-hole disposable fractionator 
and control lipoaspirate. Results are presented as mean ± standard deviation. *Significant 
more small blood vessels were visible in tSVF as compared to control lipoaspirate (p<0.05). 
α-SMA = alpha-smooth muscle actin; tSVF = tissue stromal vascular fraction. 
 
Figure 2. (A) Statistic data of number of viable nucleated cells per 1 mL of tSVF obtained by 
the reusable fractionator as well as disposable fractionator and control lipoaspirate. Results 
are presented as mean ± standard deviation. *tSVF obtained by the disposable fractionator 
contains significant more viable nucleated cells in 1 mL as compared to 1 mL of control 
(p=0.011). (B) Flow cytometric analysis of freshly mechanical isolated tSVF for viable cells 
(7AAD). (C) Flow cytometric analysis of freshly mechanical isolated tSVF for cell size (FSC-
A). (D) Flow cytometric analysis of freshly mechanical isolated tSVF for CD31 expression. 
(E) Flow cytometric analysis of freshly mechanical isolated tSVF for CD34 expression. (F) 
Flow cytometric analysis of freshly mechanical isolated tSVF for CD45 expression. (G) Flow 
cytometric analysis of freshly mechanical isolated tSVF for CD90 expression. (H) Flow 
cytometric analysis of freshly mechanical isolated tSVF for CD105 expression. (I) Flow 
cytometric analysis of freshly mechanical isolated tSVF for CD146 expression. (J) Statistic 
data of percentage of different cell population in tSVF isolated by means of fractionation with 
the disposable as well as the reusable fractionator. Results are presented as mean ± standard 
deviation. No significant differences between all types of cell populations, ie, ASCs (CD45-; 
CD90+; CD105+), endothelial cells (CD34+; CD31+) and leukocytes (CD45+; CD34-). (K)  
Statistic data of percentage of different cell population in tSVF isolated by means of 
fractionation with the disposable as well as the reusable fractionator. Results are presented as 
mean ± standard deviation. No significant differences between all types of cell populations, 
ie, pericytes (CD34dim; CD31-; CD146+) and hematopoietic stem cell-like cells (CD45+; 
CD34+). The number of supra-adventitial cells (CD34bright; CD31-; CD146-) were 




















tSVF = tissue stromal vascular fraction; the one-hole fractionator = disposable fractionator; 
the three-hole fractionator = reusable fractionator. ASCs = adipose tissue-derived stromal 
cells.  
 
Figure 3. Colony frequency of uncultured cells derived from tSVF isolated by the reusable 
fractionator as well as disposable fractionator. No significant difference between colony 
frequency of uncultured cells derived from tSVF. P0 = passage 0; tSVF = tissue stromal 
vascular fraction; the one-hole fractionator = disposable fractionator; the three-hole 
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